Hepatic alveolar echinococcosis (HAE) and liver cancer had similarities in imaging results, clinical characteristics, and so on. And it is difficult for clinicians to distinguish them before operation. The aim of our study was to build a differential diagnosis nomogram based on platelet (PLT) score model and use internal validation to check the model. The predicting model was constructed by the retrospective database that included in 153 patients with HAE (66 cases) or liver cancer (87 cases), and all cases was confirmed by clinicopathology and collected from November 2011 to December 2018. Lasso regression analysis model was used to construct data dimensionality reduction, elements selection, and building prediction model based on the 9 PLT-based scores. A multi-factor regression analysis was performed to construct a simplified prediction model, and we added the selected PLT-based scores and relevant clinicopathologic features into the nomogram. Identification capability, calibration, and clinical serviceability of the simplified model were evaluated by the Harrell's concordance index (C-index), calibration plot, receiver operating characteristic curve (ROC), and decision curve. An internal validation was also evaluated by the bootstrap resampling. The simplified model, including in 4 selected factors, was significantly associated with differential diagnosis of HAE and liver cancer. Predictors of the simplified diagnosis nomogram consisted of the API index, the FIB-4 index, fibro-quotent (FibroQ), and fibrosis index constructed by King's College Hospital (King's score). The model presented a perfect identification capability, with a high C-index of 0.929 (0.919 through internal validation), and good calibration. The area under the curve (AUC) values of this simplified prediction nomogram was 0.929, and the result of ROC indicated that this nomogram had a good predictive value. Decision curve analysis showed that our differential diagnosis nomogram had clinically identification capability. In conclusion, the differential diagnosis nomogram could be feasibly performed to verify the preoperative individualized diagnosis of HAE and liver cancer.
test, imaging examination, and other factors 4 . Clinical features of HAE are atypical, and the imaging features of HAE are similar to those of liver cancer, such as space-occupying lesion and irregular liquid dark areas. In addition, the enhanced CT scanning could also display the result of local enhancement for calcified HAE lesions. Therefore, an experienced surgeons sometimes has difficulty in distinguishing HAE from atypical liver cancer, especially in liver cancer with low alpha-fetoprotein (AFP) levels.
Radical hepatectomy is the first choice for the treatment of HAE and liver cancer 5, 6 . For patients with liver cancer, if they exist extrahepatic metastasis, then they have lost the opportunity of radical surgery 7 . However, extrahepatic metastasis such as lungs, brain is not an absolute contraindication to HAE 8 . For brain metastasis, patients could still be treated with surgery combined with medication [albendazole, 0-15 mg/(kg•d)] as long as lesions do not metastasize to the functional areas of the brain. Similarly, hepatectomy combined with pulmonary lobectomy could also be performed for the treatment of patients with pulmonary metastasis 9, 10 . It is important to accurately diagnose HAE and liver cancer before surgery because different diseases are treated in a completely different way. Therefore, given the significance of diagnosing definitely these two diseases, it is necessary to construct simple diagnostic models without performing liver biopsy before surgery.
Chronic hepatitis, posthepatitic cirrhosis and liver cancer are the three phases of disease development. However, patients with HAE, including hepatitis and non-hepatitis, have no clinically significant liver fibrosis in clinical practice. Thus, we wonder if HAE and atypical liver cancer could be distinguished that based on the prediction model of liver fibrosis. A noninvasive prediction model based on platelet (PLT) have already been widely applied, and could be an effective approach to evaluate the extent of liver fibrosis. The King's Score (fibrosis index constructed by King's College Hospital), the FibroQ (Fibro-quotient) and other score models have been reported that they could accurately predict liver fibrosis, liver cirrhosis and liver functional damage in patients with chronic hepatitis [11] [12] [13] . However, the noninvasive prediction model based on PLT for probability of diagnosing HAE and atypical liver cancer are still rare, especial in selecting optimum diagnostic models.
Currently, nomograms have been developed in the tumor diseases and non-tumor diseases, however, it is rarely used in the differential diagnosis of tumor diseases and non-tumor diseases. In our study, we point out a feasible simplified nomogram based on PLT models that selected by the least absolute shrinkage and selection operator (LASSO) regression analysis and verify it with bootstrapping validation.
Results
Patient characteristics. The baseline data of 153 patients are listed in Table 1 . The median age of 153 patients is 49.1 (range 24-76) years. Ninety-nine (64.7%) patients are males and 54 (35.3%) patients are females. All patients are positive for hepatitis B surface antigen (HBsAg), HBe antigen (HBeAg) or anti-HBe antibody (HBeAb), hepatitis B core antibody (HBcAb). The univariate analysis shows that the PLT (P < 0.001), API (age/ platelet count index) (P < 0.001), CDS (cirrhosis discriminant score) (P < 0.001), FIB-4 (fibrosis index based on the four factors) (P < 0.001), FibroQ (P < 0.001), GUCI (Goteburg University Cirrhosis Index) (P < 0.001), King's score (P < 0.001), Pohl score (P < 0.001), and AARP (AAR, Aspartate aminotransferase/alanine aminotransferase ratio; AARP, AAR-platelet count score) (P < 0.001) have obvious difference between HAE group and liver cancer group.
Diagnostic potential of the PLT-based score models. The ROC is performed to evaluate the potential of PLT-based score models as biomarkers for HAE and liver cancer ( Fig. 1 ). The AUC of PLT is 0.854 [95% confidence interval (CI), 0.788-0.906; P < 0.001] and the optimum cutoff value of this score model is 200. The AUC of API is 0.898 (95% CI, 0.839-0.941; P < 0.001) and the optimum cutoff value of this score model is 5. The AUC of CDS is 0.825 (95% CI, 0.755-0.882; P < 0.001), 0.788-0.906; P < 0.001] and the optimum cutoff value of this score model is 5. The AUC of FIB-4 is 0.931 (95% CI, 0.879-0.966; P < 0.001) and the optimum cutoff value of this score model is 1.64. The AUC of FibroQ is 0.882 (95% CI, 0.820-0.929; P < 0.001) and the optimum cutoff value of this score model is 3.11. The AUC of GUCI is 0.701 (95% CI, 0.621-0.772; P < 0.001) and the optimum cutoff value of this score model is 43.38. The AUC of King's score is 0.920 (95% CI, 0.866-0.958; P < 0.001) and the optimum cutoff value of this score model is 9.41.
Factors selection.
Of PLT-based score models, 9 factors are reduced to four possible indicators based on 153 patients in the primary cohort (2:1 ratio; Fig. 2A,B ), and these factors characterized by nonzero coefficients in the LASSO regression analysis model. These factors included API, FIB-4, FibroQ, and King's score. API is a model based on age and platelet count. When this score reached 5, liver biopsy could be avoided because of its high predictive value between HAE and liver cancer. FIB-4 could prove worthy as a simple model to predict probability of malignant tumor. Our study presents that FIB-4 more than 1.64 have a high risk of live cancer. FibroQ, named fibro-quotient, is also a noninvasive model have been proposed to estimate the severity of hepatic fibrosis. Our result shows that FibroQ >3.11 could significantly distinguish HAE or liver cancer. King's score, constructed by King's College Hospital, is a feasible index for predicting cirrhosis. King's score more than 9.41 have a high risk of liver cancer.
Constructing a simplified prediction model. Results of binomial logistic regression analysis model for API, FIB-4, FibroQ, and King's score that selected by the LASSO regression model are given in Fig. 3 . The results shows that King's score is an independent risk factor for distinguishing HAE from liver cancer (95% CI, 1.040-30.575; P = 0.0388). However, the AUC of ROC curve after combining King's score, API, FIB-4, and FibroQ is 0.932, which is significantly higher than that of each independent factor ( Fig. 1H ). This indicates that the independent risk factor combined with the other three factors has more diagnostic value. The model that incorporates the above possible predictive factors is constructed and showed as the visualization nomogram ( Fig. 4 ).
www.nature.com/scientificreports www.nature.com/scientificreports/ Identification capability of differential diagnosis nomogram. The calibration curve of the prediction nomogram for the differential diagnosis of HAE and liver cancer presents a good agreement in our research (Fig. 5A ). The Harrell's concordance index (C-index) for our prediction nomogram is 0.929 (0.886-0.972) for our cohort. The C-index of our nomogram is validated to be 0.919 through bootstrapping validation, and the result also demonstrated a good identification capability. The ROC curve of the differential diagnosis nomogram in the cohort is showed in Fig. 5B . The AUC values of this prediction nomogram is 0.929. The result of ROC indicates that this nomogram have a good predictive value.
The decision curve for the differential diagnosis nomogram is showed in Fig. 5C . The decision curve shows that if the threshold probability of a patient or doctor is >6%, using the nomogram to diagnose HAE or liver cancer could acquire much more benefit. And it is obvious for net benefit of the differential diagnosis nomogram within this range of threshold probability.
Discussion
It was difficult to distinguish HAE from liver cancer because HAE had no specific clinical features, and imaging examination also lacked characteristic finding. The imaging findings of HAE and liver cancer are similar, such as a large space-occupying lesion in the liver, irregular areas of reduced density, etc [14] [15] [16] . Sometimes, liver cancer is difficult to distinguish from HAE in imaging, especially for those patients with low levels of AFP. Atypical liver cancer presents cystic lesion, no pseudocapsule, no dynamic scanning enhancement, and no portal vein invasion or tumor thrombus formation in imaging finds. The gold standard that diagnosed liver lesions is histopathological www.nature.com/scientificreports www.nature.com/scientificreports/ examination after surgical resection or preoperative fine needle aspiration biopsy. Therefore, a novel, non-invasive method is required to distinguish HAE from liver cancer before performing all kinds of therapies.
Platelet plays a crucial role in angiogenesis, shortening the time of wound healing, promoting liver regeneration, etc 17 . But, this is just one aspect of the PLT mechanism. When a tumor forms, tumor cells can disrupt the balance of the coagulation system by producing higher levels of coagulation factors. At the same time, the disorders of the coagulation system could also activate more levels of PLTs 18, 19 . The activated PLTs provided the procoagulant surface to raise tumor-related gather. Tumor cells were surrounded by activated PLTs and then were escaped from the body's immune detection, which promoted the growth and metastasis of the tumor. However, there is no such series of changes in the blood system and coagulation system during HAE formation. The PLT-based score models that based on blood system, coagulation system, and other factors is constructed in previous reports. But, they emphasized only the significance of recurrence and prognosis that associated with PLT-based score models. Therefore, we want to illustrate that the PLT-based score models are important factors for distinguishing HAE from liver cancer in our study.
To eliminate HBV interference and make the study more convincing, we include all patients with positive of HBsAg, HBeAg or HBeAb, and HBcAb. This model is widely applicable to patients with hepatitis B and non-hepatitis B. Since some factors could also cause fibrosis in HAE patients (not all liver cancer patients existed fibrosis), our study did not determine HAE or liver cancer solely based on the presence or absence of fibrosis. We use the level of fibrosis to comprehensively determine whether the patient is HAE or liver cancer. If a HAE patient with cirrhosis didn't have a corresponding level of PLT-based score, there is a high probability that he or she is not liver cancer (the degree of fibrosis was not enough). Similarly, a liver cancer without cirrhosis (non-cirrhotic HCCs) had a high level of PLT-based score, there is a high probability that he or she is liver cancer.
Previous studies had only found that the possible risk factors were associated with the prognosis and diagnosis of disease, but it was not clear to what extent the factors were associated with the disease status. The nomogram is widely used as a predictive model in tumor and non-tumor diseases, and it could accurately predict disease status based on the degree of correlation between factors and disease 20 . Furthermore nomogram also provides tailored assessments of risk for specific patients and stratifies patients or patient groups by establishing risk thresholds for treatment decisions. That is something that other models don't have.
We develops and validates a diagnostic, PLT-based score models nomogram for the preoperative individualized prediction of HAE and liver cancer. The nomogram incorporates four items of the PLT-based score models. Patients are successfully stratified by the histopathological results. Incorporating the PLT-based score models and PLT count into a user-friendly nomogram verifies the preoperative individualized predictive value of HAE and liver cancer. For developing the nomogram, 9 PLT-based score models factors are reduced to 4 possible indicators by LASSO analysis method that was used to reduce the regression coefficient to examine the correlation of the predicted results. Furthermore, 4 PLT-based score models selected by LASSO regression model are also evaluated by the binomial logistic regression analysis, and results show King's score has an optimum diagnostic value compared with the other three factors. King's score could independently predict HAE and liver cancer (p = 0.0388). But, we still choose to include three other factors because the AUC shows that API, FIB-4 and FibroQ also have a good diagnostic value. Furthermore, the AUC results also show that combining King's score with three other factors (API, FIB-4 and FibroQ) in diagnosing HAE and liver cancer is of better value.
In recent studies, multi-biomarker analysis that incorporates a solitary biomarker into biomarker panels has been widely used 21, 22 . For example, a 21-gene test identified and validates the avoidance of chemotherapy in patient with breast cancer 23 . Similarly, the predictive nomogram that incorporates PLT-based score models demonstrates a good discrimination in our research (C-index, 0.929). Furthermore, our simplified nomogram also showed a good identification capability in the validation group (C-index, 0.919). It is reported that the www.nature.com/scientificreports www.nature.com/scientificreports/ accuracy of diagnosis on preoperative peripheral blood tumor marker, such as carcinoembryonic antigen (CEA) and peripheral inflammatory factors, for lymph node metastasis of colorectal cancer was less than 70%, much lower than the C-index of PLT-based score models we constructed 24 . Therefore, the noninvasive, simplified prediction nomogram that incorporated the routine laboratory tests we already get for available, which could regard as a more simplified model for distinguishing HAE from liver cancer.
Both doctors and patients could also perform an individualized diagnosis model for predicting the probability of HAE and liver cancer with the easy feasible scoring system, which is in line with the current concept of precision medicine 25 . However, the clinical outcomes, the particular level of identification or degree of calibration, could not be got by the prediction capability, identification capability and calibration of nomogram 26, 27 . The decision curve of our nomogram presents that if the threshold probability of an individual is more than 6%, using the differential diagnosis nomogram in our current research to distinguish HAE from liver cancer would get much more advantage than either distinguishing-all-patients or distinguishing-none.
conclusion
This research presents a differential diagnosis nomogram that incorporates the PLT-based score models, which could be easily performed to promote the pre-therapy individualized diagnosis of HAE and liver cancer.
Methods
This study was approved by the Institutional Research Ethics Board of Affiliated Hospital of Qinghai University, and all methods were performed in accordance with the Declaration of Helsinki (P-SL-2018005). All patients signed the written informed consent before surgery. This study did not involve human or animal tissue or blood samples.
Patients.
We retrospectively collected the demographic, clinical characteristics, and peripheral blood data of 153 patients in the Department of Hepatopancreatobiliary Surgery at the Affiliated Hospital of Qinghai University (Qinghai, China) and the Department of General Surgery at the Shanghai Fourth People's Hospital (Shanghai, China) between November 2011 and December 2018. The 153 patients was divided into two groups: (i) HAE group (66) recruited from the Affiliated Hospital of Qinghai University and (ii) liver cancer group (87) recruited from the two hospitals. All peripheral blood parameters are derived from blood draws taken within 7 days before all kinds of therapies. All patients, including HAE and liver cancer, have been confirmed by surgery or ultrasound guided fine needle aspiration biopsy. Atypical liver cancer is defined that 2 doctors (at least the associate chief physician) are unable to definitively diagnose liver cancer or HAE according to imaging characteristics and peripheral blood tumor markers before surgery. The CT features of atypical liver cancer are cystic lesion, no pseudocapsule, no dynamic scanning enhancement, and no portal vein invasion or tumor thrombus formation. Patients who have one of the following would be excluded: (i) combined with imaging characteristics and peripheral blood tumor markers, the diagnosis could be confirmed; (ii) patients with hematological system diseases; (iii) patients have received the blood transfusion within the previous 6 months; (iv) patients with incomplete clinical data; (v) patients comorbid with non-alcoholic steatohepatitis (NASH), long-term alcohol, long-term oral drugs, etc. The coding system is performed to assure the anonymity of all patients enrolled into the study.
Platelet-based score models. Electronic medical records are used to obtain relevant information, including age, sex, levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), PLT, international The calibration curves of differential diagnosis nomogram prediction in the cohort. The x-axis showed the predicted liver cancer. The y-axis showed the actual diagnosis. The solid line indicated the performance of the nomogram, of which an almost close to the diagonal dotted line presented a good predicted capability. (B) The ROC curve for the simplified differential diagnosis nomograms to verify the predicted capability of the model. (C) The decision curve analysis for the simplified nomogram. The y-axis measures the net benefit. The blue line showed the differential diagnosis nomogram. The thin solid line presented the assumption that all patients were distinguished. The thin thick solid line showed the assumption that no patients were distinguished. The decision curve showed that if the threshold probability of a patient or doctor is >6%, using the nomogram to diagnose HAE or liver cancer could acquire much more benefit. Within this range, net benefit was comparable, with several overlaps, on the basis of the differential diagnosis nomogram. 33 , and King's score 11 are constructed as described in Table 2 .
Statistical analysis. Statistical analysis of the numerical variables among the two groups is performed using unpaired Student's t-test for parametric data or Mann-Whitney rank sum test for nonparametric data. P-value < 0.05 is considered that the difference is statistically significant. The specificity and sensitivity are evaluated by the numerical integration of ROC. And the optimum cut-off point of each variable, the sum of specificity and sensitivity is the highest cumulative value, is obtained by the ROC. Figures are plotted by the GraphPad Prism 5.01 (https://www.graphpad.com/). A bilateral P value < 0.05 is considered statistically significant. All above analyses are performed using SPSS 23.0 software (IBM Corporation, 2015, USA).
The LASSO, particularly suits to the reduction in high dimensional data, is performed to choose the optimum predictive factors in the differential diagnosis of HAE and liver cancer 34, 35 . Factors with nonzero coefficients in the LASSO regression model should be chose 36 . Multivariate analysis is performed to construct a predicting model by combining the factors selected in the LASSO regression model. The result is presented in a figure using the stata15.0 (https://www.stata.com/). Figure is characterized by odds ratio (OR) and 95%CI. Variables chose by LASSO regression model are included in the model. All possible diagnostic factors are performed to construct a simplified model for the differential diagnosis of HAE and liver cancer 25, 37 . A simplified nomogram is showed based on the results of LASSO regression model. The Harrell's concordance index (C-index) is performed to quantify the discrimination performance of the simplified nomogram. In general, the value of C-index greater than 0.75 is regarded as a relatively good discrimination 38 . The calibration curves are plotted to evaluate the predictive ability of the nomogram related with platelet-based models 39 . The bootstrapping method is performed to reduce estimate bias. The predictive nomogram of platelet-based models is conducted to bootstrapping validation (10000 bootstrap resamples) to count a relatively corrected C-index 40 . The decision curve is presented to evaluate the net benefits of different threshold probabilities for individuals to confirm clinical usefulness of the simplified nomogram 41 . The net benefit is counted by subtracting the proportion of all patients who are false positive from the proportion of the patients who are true positive and by weighing the relative harm of forgoing interventions compared with the negative consequences of an unnecessary intervention 42 . In this study, discrimination is also evaluated using the AUC of ROC. An AUC of a diagnostic nomogram less than 0.5 states no predictive advantage over an assumed 50% probability of either outcome, whereas a value of 1.0 states wonderful predictive capacity of the nomogram. All of these statistical methods are performed by R software version 3.6.0 (http://www.rproject. org) with R packages "rms", "glmnet", "Hmisc", "ROCR", "rmda", "caret", and "foreign".
Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.
Index Formulas
Pohl score 1: AAR > 1 and PLT < 150 × 10 9 /L or else, the score = 0 
